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Abstract 


The three commonly used propellant systems; H2/02, RP-1/02, and solid propellants- 
primarily radiate as: molecular emitters, non-scattering small particles, and scattering larger 

from^thaf nTfr technology has acce P ted the uncoupling of the radiation analysis 

ninm ^ f ^ flowlaeld - Thls approximation becomes increasingly inaccurate as one considers 
p es, interior rocket chambers, and nuclear rocket propulsion devices. This study will 

develop a hierarchy of methods which will address radiation/convection coupling in all of the 
aforementioned propulsion systems. 

.. .. Th h ° f th u radiation/convection coupled problem is that the divergence of the 

radiative heat flux must be included in the energy equation and that the local, volume-averaged 

" !S lty ° f th ® radiat f on must be determined by a solution of the radiative transfer equatfon 
' w 6 . inte " Slty 1S a PP r oximated by solving the RTE along several lines of sight (LOS) for 
each point in the flowfield. Such a procedure is extremely costly; therefore^ further 
approximations are needed. Modified differential approximations are being developed for this 
purpose. It is not obvious which order of approximations are required for a given rocket motor 
analysis. Therefore, LOS calculations have been made for typical rocket motor operaflng 

“ m ° r Sh t0 Select the type a PP roximations required. The results of these radiation 
culations, and the interpretation of these intensity predictions are presented herein. 

co U nkH T rFn5 f ‘ S Still n ir ! pr0gress - The inclusion of the selected radiation model into a 
coupled CFD solution will be reported at a later date. 
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RADIATION/CONVECTION COUPLING 
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NASA/MSFC, MSFC, AL 


OBJECTIVE: 
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PARAMETERS AFFECTING RADIATION 
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Internal Surface Characteristics 

• Not well known 

• Assume reflectivity of 0.2 


Radiation Analyses 
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calculation tor typica 



Wide band model correlation parameters for various gases 
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Wavelength (microns) 

as a function of A and temperature 
Grumman’s "OPTROCK" Data 




SECA-TR-91-7 








Optical properties: n ,k 
Particle Radius: R 
Wavelength: lam 
Temperature: T 
Particle Size 
Parameter: X=2 ttR/A 


08JQZNAL PAGE 1$ 
Of POOR QUAirFV 





ALjO, RADIATION PROPERTIES 
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Original A1 2 0 3 Optical Properties in SIRRM 
Original Al ? 0 3 Optical Property Data With MIE Code 
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TOTAL GAS RADIATION - cal/cm 2 - 
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=230.436 cm 
= 0.15 atm 


TOTAL GAS RADIATION - cal/cm 2 - 
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=67.95 cm 
v = 0.14 atm 
= 0.014 atm 
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SPECTRAL RADIANCE (xwartvcm ^ -,u - tt»r) 



Plume Radiation from a Small Scale F-l Engine 

(Reardon, Radiation Handbook) 


1009 


CmWiM PAGE f£ 
OF POOR QUALITY 




1010 



TRENDS IN A1 2 0 3 PARTICLE SIZE 

FOR SRM 

(from Netzer’s experiments) 
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Plume Farfield - small particles 


PRESENT PLUME RADIATION METHODOLOGY 
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RADIATION/CONVECTION COUPLING 
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fP{r, Q'-Q}I k {r, Q'} dQ' 


FORMAL SOLUTION TO RTE 
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the YIX method (Tan & Howell) 

• • uses piecewise-constant interpolation and 
stores intermediate integral evaluations 
to improve the PIM method. 


SOLUTIONS TO THE RTE USING SPHERICAL HARMONICS 

(P N - Approximation) 

( ° DA) reqUifeS S0 ' Uti0nS ° f PDE ’ S t0 eVa,Uate the ^ted **» ^ ^ RTE rather 
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/{r, Q} - - — \G{r } + 3#{r}*Q] 

47T 

Limitation: For N=1 or 3, accurate for only optically thick media. 


THE MODIFIED DIFFERENTIAL APPROXIMATION 

The MDA generalizes P, solution to treat arbitrary optical thickness. 
Let surface & media contribute to intensity: 
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(1 -co) 4 ti/, + <*> (G w +G m )-G 


THE IMPROVED DIFFERENTIAL APPROXIMATION 
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CONCLUSIONS 
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use FDNS (or FDNS-EL) for flowfield 
use ODA in chamber & converging nozzle 
use IDA in diverging nozzle & plume 





